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EXECUTIVE SUMMARY
A. OBJECTIVE

The purpose of these medium-scale studies was to evaluate candidate halon
alternatives for potential use in place of Halon 1211 in firefighter training scenarios.

B. BACKGROUND

Approximately 70 percent of Air Force usage of Halon 1211 is in firefighter
training. It is believed that Halon 1211, with an Ozone Depletion Potential (ODP) of 3,
contributes significantly to depletion of stratospheric ozone. Under the 1990 London
Amendments to the Montreal Protocol, production of Halon 1211 will be phased out by
the year 2000 for all but essential uses. In Phase I of this effort, promising near-term
low-ODP candidate agents (termed Group 1 candidates) for firefighter training were
identified (Reference 1). These candidates included HCFC-123 neat and in blends with
HCFC-22, -141b, or -142b. In Phase II of this effort, laboratory-scale tests were
conducted on neat HCFC-123 and blends using both the cup burner and laboratory-scale
discharge extinguishment (LSDE) apparatuses.

Among the most important fire extinguishment characteristics of halons are
knockdown, suppression effectiveness, discharge characteristics, and burnback control.
Knockdown is the rapid initial control of a fire. Burnback is the ability of remaining
flames to reignite fuel surfaces that have already been extinguished. When first applied
to a fuel fire, Halon 1211 generally causes the leading edge to retreat rapidly if the agent
g y ading edg pidly g 'om__\

is applied in the correct concentrations. Both knockdown and burnback inhibition Py
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C. SCOPE

This phase of the alternative training agent development included three stages of
testing. Candidate agents were tested progressively on fires of 4, 32, and 75 ft®>. Agents
were evaluated at each stage, and those with favorable properties were tested further.

D. METHODOLOGY

Several test parameters were used to study the effectiveness of each of the agent
blends compared to Halon 1211. The amount of agent required to extinguish a fire
indicated the general effectiveness of the candidate agent. The way the agent reacted to
the fire when applied, the amount of effort and time required for extinguishment, and
the agent flow rate were also important factors. The flow rate was varied by charging
the extinguishers with different agent amounts and charge pressures. Both flow rate and
spray pattern were varied by changing nozzles.

E.  TEST DESCRIPTION

Military grade JP-4 fuel was floated on a water surface to create a layer 0.25 to
2.0 inches thick in fire pans with surface areas of 4, 32, and 75 ft>. After preburns of 30
to 60 seconds, extinguishing agents were applied. Seven types of hand-held fire
extinguishers (with capacities of 5, 9, 13, 17, 20, and 30 pounds of Halon 1211) and 50-
and 150-pound wheeled units were used. Pressures of 125 to 250 lb/in.2 were used, and
both standard and Task Force Tip (TFT) nozzles were tested. Weights of agents applied
and times to extinguishment were recorded, and flow rates were calculated.

F. RESULTS

'For 4-f¢? fires, the most promising agents were those containing HCFC-123 neat or
in blends with either HCFC-22 or -142b. The most promising mixtures proved to be
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blends of HCFC-123 & HCFC-22 (80:20), HCFC-123 & HCFC-142b (80:20), and HCFC-
123 & HCFC-22 (50:50). Here, and throughout this report, the ratios given are mole
ratios. Neat HCFC-123 and the 80:20 blends of HCFC-123 with HCFC-22 or -142b
exhibited many properties similar to Halon 1211 including rapid extinguishment and
reignition control, nonreactivity in flames, and sufficient throw range and flow rate. The
HCFC-123 and HCFC-22 (50:50) mixture exhibited remarkably rapid knockdown that
allowed extinguishment of the 4-ft? fire with a minimal amount of agent, similar to the
amount of Halon 1211 used. The other recommended agents (neat HCFC-123 and 80:20
blends of HCFC-123 and -22 or -142b) required approximately twice as much agent to
extinguish the fire as did Halon 1211.

Neat HCFC-123 and mixtures of HCFC-123 with either HCFC-22 or -142b were
tested at the 32 ft? level. The initial rapid knockdown of the fire by the blend
HCFC-123 and HCFC-22 (80:20) was similar to that of Halon 1211. The firefighter
could maintain control of the fire and extinguish it 50 to 60 percent of the time. It
required twice as much agent to be applied as Halon 1211, even with ideal test
conditions and application techniques. Similar results were obtained with the 75:25 and
70:30 blends of HCFC-123 and -22.

The HCFC-123 and HCFC-22 (50:50) mixture gave effective knockdown and
initial control of 32 ft? fires. However, this mixture did not have the throw range to
reach the length of the pan. The agent stream was dispersed and did not form a
cohesive stream. Based on these results further evaluation of this blend was
discontinued. '

The neat HCFC-123 and HCFC-123 & HCFC-142b (80:20) candidates were also
tested on 32 ft? fires. Neat HCFC-123 controlled the fire rapidly and, if a fast-sweeping
technique was used, gave effective extinguishment. However, the agent produced a
denser, more liquid stream than Halon 1211 when expelled from an extinguisher, making
it difficult to maintain effective containment of the fire throughout the test. The fire
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could easily reignite behind the agent stream, and the firefighter often had to engage the
entire pan fire again. Similar problems, though not as pronounced, were noted with the
80:20 blend of HCFC-123 and -142b. Agents containing high concentrations of HCFC-
142b showed flammability.

None of the agents tested, including Halon 1211, extinguished the 75-ft> fires
consistently when the 17- and 20-pound extinguishers were used. With these
extinguishers, Halon 1211 extinguished the fires 60 percent of the time, and neat
HCFC-123 was 20 percent effective. The other agent mixtures, HCFC-123 and HCFC-22
(80:20) and HCFC-123 and HCFC-142b (80:20), were not effective with 17- and 20-
pound extinguishers because the flow rates were too low. A larger 30-pound
extinguisher, was also tried and produced similar unsatisfactory results. Tests were then
conducted with the next larger extinguisher, a 50-pound unit. An adjustable spray nozzle
manufactured by TFT Corporation was tested with this extinguisher along with the
standard nozzle. It was found that, although some fires were extinguished by the neat
HCFC-123 agent, the agent blends could not completely extinguish a 75-ft* fire with a
50-pound extinguisher. The extinguishment was unsatisfactory because the agent flow
rates were too low. Finally, a 150-pound extinguisher fitted with the TFT nozzle was
used, and the fires were extinguished consistently with all the test agents.

The results show that it takes roughly twice as much neat HCFC-123 and three
times as much HCFC-123 & HCFC-142b (80:20) as Halon 1211 to extinguish 75-ft? fuel
fires. Depending on the agent used, a minimum flow rate for alternative agents of 1.6 to
4.6 1b/s must be maintained in order to extinguish this size fire. The required flow rates
and amounts of agent necessary to extinguish the fire for neat HCFC-123 were twice that
required for Halon 1211. For HCFC-123 and HCFC-142b (80:20) three times the flow
rates and amounts of agent as for Halon 1211 were required.




The use of the agent HCFC-123 & HCFC-22 (80:20) was discontinued early in the
75-f2 testing. Although this mixture could extinguish the test fires, the other candidates
appeared to have better toxicity/effectiveness properties. Since the mixture HCFC-123
& HCFC-142b (80:20) has a lower toxicity than neat HCFC-123, testing with the
HCFC-123 & HCFC-142b blend was increased.

The HCFC-123 and HCFC-142b (80:20) intensified the fire slightly as it was
applied. This effect is believed to be caused by the flammability of the HCFC-142b.
The blend of HCFC-123 and HCFC-142b (80:20) was also not quite as effective in
extinguishing the fires in this series of tests as neat HCFC-123.

G. CONCLUSIONS

Quantities of agents required for extinguishment depend on pressure, nozzle type,
and application technique, as well as fire size. However, plots of fire size versus
quantities of agents required for extinguishment gave smooth curves. These plots allow
estimation of the quantities of agents required to extinguish fires of various surface
areas. Both neat HCFC-123 and an 80:20 blend of HCFC-123 and -142b appear
attractive as alternative training agents, because their extinguishing behavior simulates
that of Halon 1211, and they have a toxicity acceptable for outside use with protective
gear. Of these two agents, neat HCFC-123 is slightly more effective, but the blend with
HCFC-142b has an approximately 20 percent lower toxicity. On small (4 ft?) fires the
critical application rates (Ib/s needed for extinguishment) of neat HCFC-123 and 80:20
blends of HCFC-123 and -142b are virtually identical (within 20 percent) to that of
Halon 1211. On 32-ft® fires, the critical application rates of the two alternative agents
are approximately 1.7 to 1.9 times that of Halon 1211, and on 75-ft* fires the critical
application rates are 2 to 3 times that of Halon 1211. As fire size increased, a greater
flow raie of the blend was required. This may be a result of the high volatility of
HCFC-142b (boiling point -10 °C), which may make it difficult to deliver agent to the
back edge of a large fire.

vii




H. RECOMMENDATIONS
It is recommended that both neat HCFC-123 and an 80:20 (mole percent) blend

of HCFC-123 & -142b be tested on 150-ft? pool fires and 75-ft* three-dimensional fires in
Phase IV of this effort.
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SECTION I
INTRODUCTION

A OBJECTIVE

The purpose of these studies was to evaluate candidate halon alternatives at
medium-scale for use in place of Halon 1211 in firefighter training.

B. BACKGROUND

Approximately 70 percent of Air Force usage of Halon 1211 is in firefighter
training. It is believed that Halon 1211, with an Ozone Depletion Potential (ODP) of 3,
contributes significantly to depletion of stratospheric ozone. Under the 1990 London
Amendments to the Montreal Protocol, production of Halon 1211 will be phased out by
2000 for all but essential uses. In Phase I of this effort, promising near-term low-ODP
candidate agents (termed Group 1 candidates) for firefighter training were identified.
These candidates included HCFC-123 neat and in blends with HCFC -22, -141b, or
-142b. In Phase II of this effort, laboratory-scale tests were conducted on neat HCFC-
123 and blends using both the cup burner and laboratory-scale discharge extinguishment
(LSDE) apparatuses.

The most important characteristics of halons related to extingui:yment are
knockdown, suppression effectiveness, discharge characteristics, and burnback control.
Knockdown is the rapid initial control of a fire. When first applied to the fire, Halon
1211 generally causes the leading edge of a fuel fire to retreat rapidly if the agent is
applied in the correct concentrations. Burnback control is the ability of the agent to
prevent remaining flames from reigniting fuel surfaces that have already been
extinguished. Both knockdown and burnback inhibition become increasingly important
for fires that are larger and therefore more difficult to control.




C. SCOPE

This phase of the alternative training agent development included three stages of
testing. Candidate agents were tested progressively on 4-, 32-, and 75-ft’ fires. Agents
were evaluated at each stage of testing, and those with favorable properties were tested
further.

D. TECHNICAL APPROACH

Several test parameters were used to study the effectiveness of each of the agent
blends compared to Halon 1211. The amount of agent required to extinguish a fire
indicated the general effectiveness of the candidate agent. The way the agent reacted to
the fire when applied, the amount of effort and time required for extinguishment, and
the agent flow rate were also important factors. The flow rate was varied by charging
the extinguishers with different agent amounts and charge pressures. Both flow rate and

spray pattern were varied by changing nozzles.




SECTION 11
TEST EQUIPMENT AND DESCRIPTIONS

A, FACILITIES

The medium-scale testing facilities were located on Kirtland Air Force Base at
the Civil Engineering Research Facility (CERF). The tests were conducted in sheltered
and fenced wind enclosures constructed largely of TENAX Riparella mono-oriented net
wind fencing. This material is designed to reduce wind velocity by 80 to 85 percent
without restricting the passage of air. It has 85 percent porosity. The wind enclosures
were built as pairs of concentric circles to maximize wind abatement. Two enclosures,

one large and one small, were used for this testing.

The smaller enclosure surrounded a 4-ft> metal fire pan. The outer ring of the
smaller enclosure was 10 feet high and 30 feet in diameter, constructed of TENAX wind
fencing. The inner ring, 7 feet high and 14 feet in diameter, was constructed of steel
panels connected to form a three-fourths circle with the open side facing north. The
4-ft? pan was placed in the center of this double enclosure, as shown in Figures 1 and 2.

The larger enclosure totally surrounded the second test area and had an outer
fence diameter of 140 feet, an inner fence diameter of 85 feet, and a height of 20 feet.
A 32-ft? pan, a 75-ft? pan, and a 150-ft pit were located within this structure (Figures 3
and 4). The 32-ft? pan fire was chosen as the next step after the 4-ft? fire in this testing
because it was approximately half the size of the next larger fire (75 ft?).

The square 4-ft* pan was constructed of 0.25-inch steel with a depth of 4 inches.
The pan position producing the most realistic and reproducible fires was established by
placing the pan on the ground and building an earthen berm to the pan sides to reduce
turbulence effects from the vertical edges of the pan.

3




Fire Pan4ftx 4 ft

—————— 14ftDia ———

e 30 ft Dia

Y

Figure 1. Schematic Overview of 4-ft? Enclosure.
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8ft-8inx8#-8in
Fire Pan

41t x 8 ft Fire
Pan
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o 85ft Dia————*

- - 140 ft Dia .

Figure 3. Schematic Overview of Large Test Enclosure.
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The rectangular 32-ft? pan was constructed of 0.25-inch thick steel with a
1.25 by 1.25-inch angle welded along the lip of the pan to give added support and
minimize the effects of turbulence caused by air entrainment during testing. The pan
was 4 by 8 by 0.5 feet deep and was positioned with the long dimension aligned north to
south. The firefighter approached from the narrow side of the pan to confront a more
difficult fire. Approaching from this direction made it necessary to throw the agent at
least 8 feet past the leading edge of the fire. Since the winds were predominantly from
the south, the firefighter approached from the south in order to keep the wind, if any
was present, to his back. The edges of the pan were bermed with earth to minimize the
uncontrolled swirling of fuel fumes caused by air entrainment along outside vertical pan
surfaces during a fire.

The square 75-ft*> pan was constructed of 0.25-inch thick steel with a by 1.25 by
1.25-inch steel angle welded along the top outside edges of the pan. The pan was 8 feet
8 inches (square) and 8 inches deep. The edges of the pan were initially bermed with
earth to minimize turbulence caused by air entrainment during fire testing. In later tests,
the pan was placed in a 150-ft? pit, and the pit was filled with water until the vertical
edges of the pan were covered. In the fina: tests, a circular metal ring, 16 inches high
(allowing a freeboard of 2 inches) and giving a surface area of 75-ft?, was used in the
150-ft2 pit. This arrangement allowed greater flexibility for the firefighter to approach
the fire from any direction.

B. FUEL

The fuel used for this testing was military grade JP-4. The fuel was floated on a
water surface in the fire pan. In order to produce a reasonably difficult fire for the test,
5 to 280 gallons of water were used, depending on the size of the containment pan, to fill
the pan partially and maintain a 2-inch freeboard (pan wall height) above the fuel
surface. The required amount of fuel was determined as the amount necessary to
produce a fully involved fire in 60 seconds after ignition and to maintain full intensity

8
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throughout the entire test. This amount was determined by conducting standard 4-ft®
and 32-ft2 burns with known quantities of fuel and measuring the fire intensity and

duration.

The approximate volume of fuel required for each pan size was determined by
placing calibrated Type-K thermocouples both in the water beneath the fuel surface and
directly in the flame. The thermocouple in the flame was positioned 1 inch above the
fuel surface for the 4-ft? fire and 10 inches above the fuel for the 32-ft fire. Fifty-six to
sixty ounces of fuel in the 4-ft? pan allowed an average flame temperature of 700 °C to
be maintained for approximately 2 minutes after a 60-second preburn. This fuel-to-water
ratio (60 ounces of fuel to 5 gallons of water, or 12 ounces of fuel per gallon of water,
resulting in a fuel depth of approximately 0.375 inches floating on water) produced a
representative and reproducible fire. Even though fuel depths of up to 2 inches were
tested, this fuel-to-water ratio was used as the standard throughout the fire testing at the
levels of 4 ft? through 75 ft?, except for the final tests that used the 75-ft* ring. For the
75-f? ring tests the amount of fuel was decreased by half (12.5 rather than 25 gallons) to

provide an approximate fuel depth of 0.25 inches on top of the water. The fuel was
decreased for these tests because it was found to continue to give a reproducible fire that
was sufficiently long-lived for testing and saved fuel. Moreover, these conditions
matched those being used in other Air Force testing at Tyndall Air Force Base.

C. EXTINGUISHERS

Seven types of hand-held fire extinguishers, all manufactured by Amerex
Corporation, were used for these tests. The various sizes of extiriguishers allowed
quantitative testing of different extinguishing agent amounts, agent flow rates, spray
patterns, and throw ranges, and permitted development of optimal extinguishing
techniques. Since a replacement agent for Halon 1211 was being sought, standard Halon

1211 extinguishers were used in the testing. All extinguisher valve head assemblies,




hoses, discharge nozzles, containment cylinders, and sealing materials (such as O-rings)
were of the types normally used for Halon 1211.

Three types of hand-held extinguishers were used in the 4-ft? fire tests. A Model
35S, S5-pound Halon 1211 extinguisher was first tested with Halon 1211, then with a
variety of candidate agent blends. This extinguisher expelled the agent at a sufficient
rate to compare the agent blends; however, an extinguisher with a faster flow rate and a
larger fill capacity was tested to determine the effect of agent flow rate on the fire. The
extinguisher used in this testing was a Model 369, 9-pound Halon 1211 unit. Finally, an
extinguisher that combined the characteristics of a higher flow rate with optimum fill
capacity and ratio was found: a Model 357, 5-pound Halon 1211 unit. This extinguisher
could deliver a relatively high flow rate while maintaining a satisfactory fill capacity.

Several extinguisher sizes, each containing various amounts of agent, were tested
in the 32-ft? fire scenarios. These extinguishers were Amerex Model 369 (9-pound
Halon 1211), Model 371 (13-pound Halon 1211), Model 361 (17-pound Halon 1211), and
Model 372 (20-pound Halon 1211) units. The valve/head assemblies of these units were
identical to each other and to that of the Model 357, the 5-pound Halon 1211 unit used
in the earlier tests. These assemblies are designed to produce minimal flow obstruction
and pressure loss during operation. Various standard, molded nozzles were used to vary
the agent flow rates to study the effects of nozzles on agent application. It was
determined that a 13-pound extinguisher could effectively extinguish the fire for certain
agents and agent mixes. All of the 32-ft’ fires could be extinguished with the 17-pound

extinguisher.

Five different sizes and types of extinguishers, various agents (including blends),
and a variety of nozzles were evaluated in the 75-ft* fire tests. Hand-held extinguishers
with 17-, 20-, and 30-pound Halon 1211 fill capacities were tested, and it was found that
the 20-pound unit held just sufficient Halon 1211 to extinguish this size fire. The
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30-pound extinguisher (Model 570) provided improved test repeatability and better data.
As expected, the amount of agent needed to extinguish a fire depended on the
application technique, agent flow rate, and the cohesiveness of the agent stream as it
reached the farthest edge of the fire. Since the 30-pound unit held insufficient agent to
test certain candidate blends on the 75-ft? fires, a 50-pound capacity extinguisher (Model
695) was used. To better simulate the effects of Halon 1211 with the agent blends, an
adjustable nozzle manufactured by the Task Force Tip (TFT) Corporation, with a
capacity of 10 to 165 gallons/minute, was used. The nozzle was adjusted to simulate the
spray pattern and throw range of Halon 1211. This adjustment improved the
effectiveness of the agent and produced more repeatable test results. The capacity and
delivery rates of the 50-pound extinguisher were still too low for effective extinguishment
of 75-ft? fires, so a 150-pound (Model 600) extinguisher with a TFT nozzle was used.
The higher agent flow rates from this extinguisher, combined with the improved spray
patterns from the TFT nozzle, produced the best results.
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SECTION III
PROCEDURES

Extinguishers were inspected, and worn parts were replaced. The chemicals used
in the agent mixtures rapidly degraded the Buna rubber O-rings and valve stem seats and
necessitated replacement of these items once or twice during a series of 10 to 12 tests.
The mixtures were then measured into the extinguishers. The required amounts were
measured by volume for liquid agents and by weight for gaseous agents. The
extinguishers were each filled to the capacity used by the manufacturer when filling the
unit with Halon 1211. These fill ratios ranged from 38 to 66 percent full, depending on
the size of extinguisher. The extinguishers were then weighed and pressurized to their
charge pressure. The charge pressure was varied during testing to study the effect of

varying the agent flow rate.

All agents under consideration were tested first at 4 ft2. For these fires, two
types of 5-pound Halon 1211 extinguisher and one 9-pound extinguisher were used. The
extinguishers were filled to 55 to 65 percent of their full capacities and were pressurized
from 100 to 195 Ib/in.2 The effectiveness of each agent was compared to Halon 1211
using the same test conditions. After testing at several charging pressures, the most
repeatable results were obtained at 125, 150, and 175 1b/in.?

For 32-ft? fire tests, extinguishers with 9-, 13-, 17-, and 20-pound Halon 1211
capacities were used. The 5-pound capacity extinguishers used in initial tests contained
enough agent for extinguishment only in the case of Halon 1211. All extinguishers were
filled to 38 to 66 percent of full capacities and pressurized to 195 Ib/in.2

For 75-ft? fire tests, extinguishers with 17-, 20-, 30-, 50-, and 150-pound Halon
1211 capacities were used. The smaller (17- to 30-pound) extinguishers were pressurized

12




to 195 Ib/in.2 The 50- and 150-pound units were overpressurized to 250 to 300 Ib/in.? so
that the nozzle could be operated at its optimum flow capacity.

Fresh fuel was added to the water for each test to ensure reproducible
conditions. The fuel was ignited and allowed to burn for 30 to 60 seconds to achieve full
development. After the 30- to 60-second preburn, the firefighter used a sweeping side-
to-side technique to extinguish the fires. When using this technique, the firefighter
started the agent flowing toward the fire, sweeping in front of the fire to create a high
concentration of agent. This concentrated agent cloud was then pushed into the fire with
the agent stream, sweeping side-to-side and overlapping the edges of the fire pan to
maintain a sufficient agent concentration throughout the fire area and to finish
extinguishing the flames at the back of the pan. The fuel was relighted and burned off
after each test to maintain test repeatability.

Several test parameters were recorded during the testing. Weather conditions,
such as wind speed and direction, ambient temperature, and barometric pressure were
recorded for each test. The amount of agent used, agent flow duration, and agent flow

rate were also recorded.

The knockdown and inertion abilities and agent throw range were observed and

recorded. Firefighter techniques were also studied and improved throughout the testing

effort.
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SECTION IV
RESULTS

A GENERAL

Several characteristics of Halon 1211 facilitate rapid extinction of fuel fires: high
vapor pressure combined with deliverability and chemical and physical extinguishment
mechanisms. Halon 1211 neither reacts violently nor intensifies the fire when applied.
However, several of the alternative agents tested were slightly flammable and intensified
the fire when first applied, making control difficult. These flammable agents included
HCFC-141b and -142b and HFC-152a when used in high concentrations (40 percent or

greater) in blends.!

After the initial control (knockdown) of the fire has been established, the Halon
1211 vapor hinders fire reignition during the extinguishing process. A fuel fire can be
very unpredictable and can reignite quickly (flashback). When larger fuel fires are to be
extinguished, the agent must be able to control and extinguish a fire over a large area.
The agent must be sufficiently cohesive (low enough in volatility) so that the agent
stream can be lofted to reach the far end of the fire. Adequate throw range is critical in
extinguishing large fires. Halon 1211 also affords rapid knockdown, allowing the
firefighter to gain initial control of the fire quickly.

Weather factors including wind intensity and direction, barometric pressure, and
temperature affected test results to some degree, and these variations were considered in

evaluating the data.

'Throughout this report all blend concentrations are expressed in mole percent or
mole ratio. These give the volume percent or volume ratio upon evaporation.
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To interpret the results shown in Tables 1-3, both amounts of agents and times
to extinguishment should be compared. Percent extinguishment means the percentages
of that size fire extinguished by that agent.

B. 4-FT? FIRES

For 4-ft” fires, the most promising agents were those containing HCFC-123 either
in neat form or in blends with HCFC-22 or -142b. Blends of HCFC-141b or -152a with
HCFC-123 were also tested at 4 ft> but were not as effective and were not recommended
for further testing. The most promising mixtures proved to be neat HCFC-123, HCFC-
123 & HCFC-22 (80:20), HCFC-123 & HCFC-142b (80:20), and HCFC-123 & HCFC-22
(50:50). The first three agents exhibited many properties similar to Halon 1211 including
rapid extinguishment and reignition control, nonreactivity in flames, and satisfactory
throw range and flow rate. The HCFC-123 & HCFC-22 (50:50) mixture exhibited
remarkably rapid knockdown that allowed extinguishment of the 4-ft® fire with a minimal
amount of agent, similar to the amount of Halon 1211 used. The other recommended
agents (neat HCFC-123 and 80:20 mole percent blends of HCFC-123 and -22 or
HCFC-123 and -142b) required approximately twice as much agent to extinguish the fire
compared to Halon 1211.

The results of tests on 4-ft? fires are shown in Table 1.

The square 4-ft* pan was constructed of 0.25 inch steel with the dimensions of
2 feet by 2 feet by 4 inches. The pan position producing the most realistic and
reproducible fire was established by placing the pan on the ground and building an
earthen berm to the sides of pan to reduce turbulence effects from the vertical edges of
the pan. |

15




Lo 89 9 &®o €9 Lt vo 99 97 1 1 0s ost oc0L
0 98 6€ 0§38 6€ S0 98 ov 1 (4 99 ost
wo At 8 10§83 v S0 6 8¢ I £ SL (YAl 0208
€50 SL g€ 8¥0 Tt 91 so € 91 (4 z 0§ SL1
£€0 v's 81 wo 8 61 ¥o 0§ 61 1 (4 9 0s1
- - - 80 6§ 8¢ 0 6§ 87 0 £ 001 1741 01:06 9Ibl- ¥ €21-D4D0H
6v'0 v A4 LSO 8¢ 44 90 8¢ A4 I £ St YA
o o 9€ 660 LY 81 vo LY Lt 1 9 98 0s1
- - - w0 9 17 SO 9Y 17 0 1 001 (Y4l 09:0r
- - - 850  #7 2 90 ¥ vl 0 4 001 Stl
020 001 07 €0 €S 81 Vo €S 81 1 4 9 0s1
Lro Lu 07 90 8% 4! €0 8§ 4 I £ St YA 05:05
- - - ko 19 8T €0 09 81 0 v 001 YA
- - - ®0 T €1 €0 TP €1 (] (4 001 oSt
1£0 79 61 ltro 601 ST €0 €0l  ¥7 1 L 83 (v4l 0v:09
9%€'0 L9 v 620 63 97 €0 8L Y4 1 1 0s (YA
$70 68 $T w0 S (1Y4 S0 St 07 1 b 08 0s1
$T0 92 e £ S A ¥z yo L9 v (4 S w v ot:0L
- - - 190  S§¢€ 12 90 € 12 0 (4 001 SLI
- - - 90  9%¢ (1}4 90  9¢ (1Y 4 0 z 001 oSt
- - - 90 09 o€ 90 09 o€ 0 v 001 fvai 07:08 2T % €21-04DH
%0 78 97 - - - €0 T8 97 1 0 0 LI
820 6L (A 4 - - - €0 6L 7? 1 0 0 ost
20 L9 91 €0 L (44 €0 0L 61 1 4 0s x4 001 TO4OH
- - - S0 LY 1 4 S0 LY €T 0 S 001 SLY
%o €8 LT s¥0 19 97 S0 19 Y4 £ $ £9 oSt
- - - 0 LS 61 s0 LS 67 0 z 001 st 001 £2-0dOH
- - - Lso 9 ST 90 97 St 0 £ 001 YA L
- - - wo 91 61 Lo 97 61 (i £ 001 oSt
- - - 690 ST 91 Lo §T 91 0 u 001 (YA 001 1121 NO'TVH
s/al s sqf s/ql s 8q] s/q1 [ %q)
‘geol]  ‘JwL ‘wedvim  ‘owgond ‘SWLL Welvim ‘weuwort ‘owil weBvim  BINON SOJON MH% WAl PN
TOSSATTINGUSN FUSTNSSUTG SOy NIV 151 3381y Y WSHUSRIuIS aunssalg  “w0) waly

S 1d4-v 4Od VLVA 1 d14VL

16




- - - IS0 1L L€ s0 IL L€ 0 £ 001 s
- - - g0 TOl T vo  TOl  T¥ 0 1 001 0s1 =
Lo (44 S 1> - - - €0  TIU €€ I 0 0 st 009 2ZT- @ I¥1-04OH
- - - 90 65  T¢ 90 6§ € 0 € 00t ost
0 69 SE €0 €5 82 0 €5 87 1 € St szt 02:08
- - - Lo Lv LT 90 Ly LT 0 € 001 os1
SO vs 67 150 ¥S 8T S0 ¥s  8C 1 € SL sz 01:06 ®ZS1- @ €21-040H
- - - o 69 8's 80 69 8§ 0 1 001 st
- - - o 09 6 Lo 09  6¥ 0 € 001 0si
- - - 50 €S 67 S0 €5 6 0 (4 001 st 0¥:09
0 €L 44 %0 €L 9T €0 €L §T 1 1 0§ st 0E:0L
- - 80 L€ 153 60 L€  0€ 0 v 001 st
90 (4" 8t wo €y T Lo 8y € 1 L 8 os1
- - %0 8 e ¥0  +¥8  0f€ 0 ! 001 st 0208 GZ¥1- @ €21-040H
s/qi s sq] s/q| s $q| s/ql s q]
‘olgeold ‘owil, walvim  ‘anmol] ‘owiL wolvim ‘owyeold ‘owil yuelvim  BINON 'oJON WH%  pu/Al  9PION
TSUSRSUNYSUON WSUSINUNR SN TV 10 3%eT3AV AR WSWERINGT = wnssug “u0D waly

(@EanNTIONOD) SHYIA Ld-v ¥O4 VIvVd ‘T T19V.L




Some of the agents presented in Table 1 were not as effective as it might appear
from these data alone. The blends of HCFC-123 & HCFC-22 (60:40 and 40:60)
extinguished fires consistently; however, an experienced firefighter was required and
extinguishment took longer than with the other agents. These two blends reacted with
the fire and initially made it more difficult to control and extinguish. The same was true
for the blends of HCFC-123 & -152a and the 60:40 blend of HCFC-123 & -142b. This
last blend intensified the fire when it was applied, because of the high flammability of
the HCFC-142b. The firefighter was able to maintain control and extinguish fires with
this agent only because of experience, effective technique, and the small size of the test
fire.

C. 32-FT?FIRES

Neat HCFC-123 and mixtures of HCFC-123 with either HCFC-22 or -142b were
tested at this level. The 80:20 blend of HCFC-123 and -22 was tested extensively at
32 ft2. The initial rapid knockdown of the fire by this agent was similar to that of
Halon 1211. The firefighter could maintain control of the fire and extinguish it 50 to
60 percent of the time. Twice as much agent as Halon 1211 was required, even with
ideal test conditions and application techniques. This was also true of the 75:25 and
70:30 blends of HCFC-123 and -22.

The mixture of HCFC-123 & HCFC-22 (50:50) gave effective knockdown and
initial control of 32 ft? fires. However, this mixture did not have the throw range to
reach the length of the pan. The agent stream was dispersed and could not be lofted
sufficiently. Based on these results, further evaluation of this blend was discontinued.

The neat HCFC-123 and blend of HCFC-123 & HCFC-142b (80:20) were also
tested on 32 ft? fires. The neat HCFC-123 agent controlled the fire rapidly and, if a fast
sweeping technique was used, gave effective extinguishment. However, the agent
produced a denser, more liquid stream than Halon 1211 when expelled from an
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extinguisher, and this dense stream made it difficult to maintain effective containment of
the fire throughout the test. The fire could easily reignite behind the agent stream, and
the firefighter often had to engage the entire pan fire again. Similar problems, though
not as pronounced, were noted with the 80:20 blend of HCFC-123 & -142b.

Results of these tests are shown in Table 2. All tests at 32 ft® were carried out at
a charge pressure of 195 Ib/in.? using 9-, 13-, 17-, or 20-pound extinguishers. Agents
containing high concentrations of HCFC-142b showed flammability.

D. 75-FT? FIRES

None of the agents tested, including Halon 1211, extinguished the 75-ft> fires
consistently when the 17- and 20-pound extinguishers were used. With these
extinguishers, Halon 1211 extinguished the fires 60 percent of the time, and neat HCFC-
123 was 20 percent effective. The other agent mixtures, HCFC-123 & HCFC-22 (80:20)
and HCFC-123 & HCFC-142b (80:20), were not effective with 17- and 20-pound
extinguishers because the flow rates were too low. A larger extinguisher, a 30-pound
unit, was also tried and produced similar unsatisfactory results. Tests were then
conducted with the next largest extinguisher, a 50-pound unit. An adjustable spray
nozzle manufactured by TFT Corporation was tested with this extinguisher along with
the standard nozzle. It was found that, although some fires were extinguished by the
neat HCFC-123 agent, the agent blends could not completely extinguish a 75-ft? fire with
a 50-pound extinguisher. The extinguishment was unsatisfactory because the agent flow
rates were too low. Finally, a 150-pound extinguisher fitted with the TFT nozzle was
used, and the fires were extinguished consistently with all the test agents. The results are
shown in Tables 3 and 4.
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The results show that it takes roughly twice as much neat HCFC-123 and three
times as much HCFC-123 & HCFC-142b (80:20) as Halon 1211 to extinguish 75-ft> fuel
fires. Depending on the agent used, a minimum flow rate for alternative agents of 1.6 to
4.6 1b/s must be maintained in order to extinguish this size fire. The required flow rates
and amounts of agent necessary to extinguish the fire for neat HCFC-123 and HCFC-123
& HCFC-142b (80:20) were twice and three times that required for Halon 1211,
respectively.

The use of the agent HCFC-123 & HCFC-22 (80:20) was discontinued early in
this phase of testing. Though this mixture could effectively extinguish some of the test
fires, the other candidates appeared to have better toxicity/effectiveness properties. The
mixture of HCFC-123 & HCFC-142b (80:20) has a somewhat lower toxicity than neat
HCFC-123, and testing with the blend of HCFC-123 & -142b was increased.

The blend of HCFC-123 & HCFC-142b (80:20) intensified the fire slightly as it
was applied. This effect is believed to be caused by the flammability of the HCFC-142b.
The HCFC-123 & HCFC-142b (80:20) blend was also not as effective in extinguishing
fires as neat HCFC-123.

Quantities of agents required for extinguishment depend on pressure, nozzle type,
and application technique, as well as fire size. However, plots of fire size versus
quantities of agents required for extinguishment give the plots shown in Figures 5
through 8. These plots also allow estimation of quantities of agents used for other fire
sizes. For example, interpolation indicates that 50-ft* fires will require approximately
11 pounds of Halon 1211, 21 pounds of HCFC-123, or 23 pounds of HCFC-123 &
HCFC-142b (80:20) for extinguishment. By extrapolation, 150-ft” fires are expected to
require approximately 34 pounds of Halon 1211, 75 pounds of HCFC-123, or 85 pounds
of the blend of HCFC-123 & HCFC-142b (80:20) for extinguishment. Limited actual
testing in Phase IV of this project indicates that the performance of the candidates is,
however, closer to that of Halon 1211 than predicted here.
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Figure 5. Pounds of Halon 1211 Required Versus Fire Size.
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Figure 6. Pounds of HCFC-123 Required Versus Fire Size.
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Figure 7. Pounds of HCFC-123 & HCFC-142b Blend (80:20) Required Versus Fire Size.
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Figure 9 shows a plot of critical application rate versus fire size for each of the
three agents tested to 75 ft2. From this plot it can be seen that the order of effectiveness
on all fire sizes is Halon 1211 > HCFC-123 > HCFC-123 & HCFC-142b (80:20). Plots
for all three agents show some upward curvature, especially noticeable for small fires.
This curvature indicates that the amount of agent required per square foot of fire surface
area decreases as fire size increases. It may be that more agent than the minimum
necessary was applied to the 4-ft fires since it is difficult to limit application to very
small amounts. The nonlinearity was more pronounced with the alternative agents than
with Halon 1211.

Table 5 shows average flow rates and flow rates per square foot required for

extinguishment.
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Figure 9. Summary of Critical Application Rates Versus Fire Size.
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SECTION V
CONCLUSIONS AND RECOMMENDATIONS

Several agent blends were tested at various stages of this test series. The
following agent effectiveness criteria were applied: rapid knockdown and initial
containment, maintenence of control without flashback or reignition, adequate throw
range, effective extinguishment of large fires, and extinguishment without intensification.
The candidate agent blends were tested with fires having surface areas of 4 ft?, 32 ft?,
and 75 ft? in which 0.25 to 2 inches of JP-4 aviation fuel were floated on top of water
and ignited. As the testing progressed, ineffective agent mixtures were dropped from

further consideration.

The first agents to be discontinued were the mixtures containing HCFC-152a or
-141b. These agents were mixed with various amounts of HCFC-123 or HCFC-22 and
were not effective in extinguishing 4-ft* fires. Blends of HCFC-123 and -141b did not
disperse well and gave poor knockdown; both drawbacks can be attributed to the low
volatility of these blends. HCFC-141b is flammable and appears to be a poor
extinguishing agent in blends. The HCFC-152a blends were relatively successful during
the 4-ft? tests; however, blends containing HFC-152a intensified the fire, especially with
higher concentrations of HFC-152a.

Mixtures of HCFC-123 with HCFC-22 or -142b proved effective throughout the
testing when mixed in the correct proportions (30 percent or less HCFC-22 or -142b).
Mixtures containing 40, 50, and 60 percent of HCFC-22 and -142b were discontinued at
various test levels for several reasons. The HCFC-123 and HCFC-22 (50:50) mixture
provided excellent knockdown but had a poor flow rate and throw range. Similar results
were obtained with the mixtures containing 40 percent HCFC-22. The 70:30 and 80:20
blends of HCFC-123 and -22 proved effective through the 75-ft? fire tests. Testing of
these mixtures was discontinued because other agents appeared more promising.
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Mixtures that contained 40 percent or more HCFC-142b could not be tested effectively
due to agent flammability. The HCFC-123 & HCFC-142b (70:30) mixture also proved
ineffective. The mixture of HCFC-123 & HCFC-142b (80:20) was effective and was
tested up to 75 ft% however, the agent mixture did intensify the fire to some degree,
decreasing its extinguishing ability.

Neat HCFC-123 extinguished fires consistently if twice the weight of agent as the
average required weight of Halon 1211 was used. To achieve this effectiveness, an
adjustable spray nozzle and a large capacity extinguisher that delivered the agent at a

higher flow rate were required for the larger fires.

For all tests, it was shown that a higher candidate agent flow rate than that of
Halon 1211, coupled with a smooth, overlapping agent application method controlled
and extinguished the fires most effectively. When these methods were used, roughly
twice as much neat HCFC-123 and three times as much HCFC-123 & HCFC-142b
(80:20) as Halon 1211 were required for extinguishment. This relationship also applies
to the agent flow rate. Depending on the agent used, flow rates of 1.6 to 4.6 1b/s must
be maintained in order to extinguish 75-ft? fires. The required flow rates for neat
HCFC-123 and HCFC-123 & HCFC-142b (80:20) were two to three times that required
of Halon 1211.

Neat HCFC-123 and HCFC-123 & HCFC-142b (80:20) are effective as alternative
training agents and simulate the use of Halon 1211, providing proper equipment is used
to give the required agent flow rates and dispersion. However, further work will be
needed to develop more practical nozzles, a standard test/training scenario, and agent-

compatible materials.

The nozzle used in this testing was not designed for this type of use and could
prove expensive to purchase for training purposes. Simple nozzles could be designed
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that are suited for use with the agents without adjustment; these could be produced and
procured at much lower cost than the adjustable nozzles used here.

During the testing, it was discovered that neither standard test procedures nor
standard test apparatuses exist for firefighter training. The lack of standard scenarios
made it difficult to choose the most appropriate test conditions and equipment. A study
should be conducted to standardize firefighter training so that agent testing can be
carried out under realistic conditions.

The materials used in O-ring seals, valve seats, and other critical extinguisher
parts degraded quickly when exposed to the candidate agents. A materials compatibility
study is needed to find materials that are compatible with the agents.

The HCFC-142b mixtures were effective and had lower toxicities than neat
HCFC-123. Blends of HCFC-123 and -141b did not disperse well and gave poor
knockdown. Both of these drawbacks can be attributed to the low volatility of this blend
and possibly the flammability of HCFC-141b.
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SECTION VI
EXPERIMENTATION PLAN FOR PHASE IV

A. INTRODUCTION

Phase IV is a continuation of the field-scale testing conducted in Phase III of this
project in which candidate extinguishing agents were tested on 4-, 32-, and 75-ft* fires. In
Phase IV, the most promising agents will be tested further with three-dimensional (3-D)
running fuel fires of 75 ft* and standard pool fires of 150 ft2. The following is a
proposed extension of an existing test plan in which the 75-ft 3-D and 150-ft? test
procedures are outlined (Reference 2).

B.  TEST SITE DESCRIPTION

The testing facilities will be located on Kirtland Air Force Base at the CERF
facility. The tests will be conducted in a fenced wind enclosure constructed of TENAX
Riparella mono-oriented net wind fencing. The wind enclosure is constructed as a pair

of concentric circles to maximize the wind abatement effect.

This enclosure totally surrounds the test area and has an outer fence diameter of
140 feet, and inner fence diameter of 85 feet, and a height of 20 feet. The 75-ft’ pan
and 150-ft® pit are located within this structure.

C. TEST SCHEDULE

This testing was scheduled for 15 June to 30 September 1990.




D. TEST EQUIPMENT

The first series of 75-ft* 3-D running fuel fires will be conducted in the existing
square 75-ft’ fire pan. The pan was constructed of 0.25 inches thick steel with a 1.25 by
1.25-inch steel angle welded along the top outside edges of the pan. The pan had
dimensions of 8 feet, 8 inches (square) by 8 inches deep. The edges of the pan were
bermed with earth to minimize turbulence caused by air entrainment during fire testing.
The first 3-D fire apparatus will be placed in this pan.

This apparatus will serve as a prototype in the conduct of preliminary testing of
this type of device. It will be contructed of steel pipe and a steel support structure to
elevate the pipe above the fire pit lengthways so that one open end of the pipe is 15
degrees lower than the other. Fuel will be pumped to a spray bar located at the back
end of the pipe, to allow fuel to be sprayed evenly into the pipe at a constant rate. The
fuel will then flow through the pipe and into the 75-ft? pan located 4 feet below the
raised pipe apparatus.

The second 3-D apparatus will be constructed to simulate an aircraft engine
suspended under the wing of the aircraft. Two barrels of different sizes will be nested,
and an intake cowling from an actual aircraft will be fitted over them. A pumped fuel
line will be run into the middle of this apparatus and will spray fuel toward the front end
of the apparatus at a given rate. The apparatus will be suspended from a boom over a
containment fire pit and tilted 15 degrees forward.

The 150-ft? tests will resemble the 75-ft? tests except for use of a larger fire area.

For each test, sufficient fuel will be pumped into the fire pit to float 0.25 inches of fuel
over the entire surface of the water.
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Standard 150-pound Halon 1211 extinguishers will be used for all tests. Smooth-
bore flightline nozzles and adjustable spray nozzles will be tested to determine the most
appropriate agent streaming pattern.

E. TEST PROCEDURES

In both of the 75-ft> 3-D running fuel fires, the fuel will be allowed to flow
through the apparatus into the pan or pit to cover the water surface before the fuel is
ignited. The bottom pan or pit will be allowed to become fully engulfed in flame before
extinguishment is started. The firefighter will extinguish this fire by building up a large
concentration of agent in the lower pan or pit and using a sweeping motion similar to
the methods used in earlier tests. When most of the fire in the bottom pan or pit has
been controlled, the agent stream will be directed into the apparatus and the running
fuel fire will be extinguished. The firefighter will then finish extinguishing the bottom

fire and any remaining fire in the apparatus.

The method used in extinguishing the 150-ft? fire will follow standard firefighting
procedures. The fuel will be added to the water, ignited, and allowed to burn for
30 seconds. The firefighter will then apply the agent stream to the fire in a sweeping,
side-to-side motion to extinguish the fire progressively from the front edge to the back
edge.

F. ENVIRONMENTAL CONCERNS

Compliance with all environmental regulations and local, state, and federal
agencies has been assured by conducting an environmental survey of potential problems
with this testing. All aspects of this survey are documented in the previous test plan
(Reference 2) for the previous phase of testing.
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